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The chemistry of thiol compounds has assumed increasing 
importance in research upon the nature and dynamics of 
biochemical systemso Especially important is the thiol-
disulfide redox system, which is thought to exert consider-
able control over the physical shape of protein molecules 
as well as the course of protein reactions in living organ= 
isms., (1)., 
The abundant occurrence of the thiol-amino acid 
cysteine, structure I, both free in biological fluids and 
HSCH2CH(NH2)COOH 
I 
as a component of proteins, has prompted an intensive study 
of its properties., Accurate values for the physical prop= 
erties of cysteine in aqueous solution are necessary for 
the correct interpretation of its biological role., Such 
investigations have been hindered by the instability of 
this substance toward atmospn~ric oxidation; it is diffi-
cult to obtain good samples of the material for investi= 
gations requiring a high degree of purityo Indeed~ despite 
the fact that numerous methods for the analytical 
1 
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determination of cysteine have been developed, eogo, (2) 
(3) (4) 9 it is not easy to tell how pure a sample may beo 
Since cysteine is less easily oxidized in acidic 
conditions, cysteine hydrochloride hydrate can be obtained 
fairly pure 9 and is taken as the starting material in 
precise measurementso The investigation reported in this 
thesis began with the assay of commercial samples of 
cysteine hydrochloride hydrate and the subsequent deter-
mination of the second ionization constant 9 for which 
somewhat discordant values have been reported in the chemi-
cal literatureo 
Our second and main purpose was to investigate the 
relative acid strengths of the mercaptide and amino func-
tions9 both of which have about the same tendency to trans= 
fer a proton to watero 
.Also included in this work was the preparation of 
standard cysteine solutions of low concentration by the 
electrolytic reduction of the disulfide cystine at a large-
area mercury cathodeo 
CHJ\PTER II 
SAMPLE PURITY AND IONIZATION CONSTANTS 
.Assay of Commercial Cysteine Hydrochloride Hydrate 
Experimentally determined values for the second ioni-
. . "' 
zation constant of cysteine hydrochloride are not in com-
plete agreemento Some of the more recent investigations 
and the corresponding values of the pK are listed belowo 
Investigators pK2 Ionic Strength Temp. 
Li and Manning ( 5) 8. 48 Oo15 25° 
.Albert (6) 8036 ? 20° 
Gorin (7) 8027 Ool 25° 
Boorsook 9et .alo(8) 8.,34 00017 25° 
Grafius and 
Neiland.s (9) 8030 Ool5 25° 
In some cases the ionic strengths are different, but the 
differences in pK2 are not resolved by reasonable correc-
tions for thiso Values have been determined with elec-
tronic pH meters and glass electrodes, which do not afford 
the highest accuracy, but the deviations are outside the 
accepted limits of experimental erroro 
In view of the questionable purity of most cysteine 
samples, it seems reasonable to assume that this might 
3 
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have been mainly responsible for the va:ci,ation in pK 
valueso 
It was accordingly decided to determine again the 
value of pK2 , and to assay carefully the sample of cysteine 
hydrochloride hydrate to be used for this purposeo The 
:results are reported in Table I. 
T.ABLE I 
.ASSAY OF .A COMMERCI.AL S.AMPLE OF CYSTEINE 
HYDROCHLORIDE HYDRATE 
Method 
Amperometric Titration of Thiel 
by Ferricyanide 
Acidi.metric Titration (pH Meter) 
Chloride Determination by Parr 
Bomb Fusion and Volhard Titration 














The details of these assays are reported in Chapter Vo 
Measurement of pK2 
Cysteine hydrochloride contains three ionizable protons. 
If we represent the cysteine cation by (H3cys)+, the process 
with which we are concerned is: 
The thermodynamic ionization constant for this is then: 
* 
o( H+ a(HCys - D<H+cHCys- dHcys= 
K - = 
O(H2Cys 0H2Cys 0H2Cys 
where 0( stands for activity and (J the appropriate activity 
coefficiento For the purpose of this work 9 we are interested 
in a practical constant, 
-
In the titration of cysteine hydrochloride with sodium 




where cgys is the initial concentration of cystine hydro-
chlorid.e o 
The determination of pK2 was accomplished by potentio-
metric titration of OoOl M solutions of cysteine hydro= 
chloride in water or in Ool M potassium chloride with Ool 
N NaOHo When lt moles of base have been added for each 
mole of cysteine hydrochloride, the pH is about 8c5, and 
CH+, c0B-, cH3Cys+ can be neglected without appr eoi,eble 
erroro If Ccys';: is also neglected, which can be done with 
an error of 1 - 2% 9 one finally has; 
6 
= 
.At this point'il o<H+ is therefore equal to K., or the pH to pKo 
A typical titration curve is shown in Figure lo The 
average value of pK2 determined from a series of such 
determinations is 80320 The details of this work and 
tabulation of results is found in Chapter Vo 
7 
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1 2 3 
Moles NaOH per Mole Cysteine 
Figure lo Potentiometric Titration of Cysteine Hydrochloride. 
OoOl M solution in Ool M KCl 
CHAPTER III 
THE RELATIVE. IONIZ.ATIONS OF THE MERC.APTO 
.AND AMINO GROUPS 
Previous Studies 
The work of Ryklan and Schmidt (10) Edsall (11), and. 
others (12) (9) (7) has established that the second ioni-
zation of cysteine hydrochloride involves protons from both 
the sulfur and the nitrogen functionso In order to deter-
mine the ~mount of ionization from each of these groups 9 
Grafius and Nielands (9) measured the second ionization 
constants of cysteine betaine, pK = 8o65'j and. S=methyl= 
cysteine 9 pK = 8075; if the same intrinsic ionization con= 
stants hold for the ammonium and mercapto groups of cysteine, 
the measured value pK2 :: 8030 for cysteine would corre-
spond to a ratioj R, of lo3 for the concentration of the species 
involved, I/IL 




Benesch (12) calculated a value of 2ol for R utilizing ultra= 
violet absorption spectrum measurements 9 but the assumptions 
underlying the calculation seem rather precariouso Garfinkel 
and Edsall (13), using Raman spectroscopy and somewhat more 
reliable assumptions, placed the value of Bat about unityc 
8 
9 
The work of Garfinkel and Edsall~ which was published 
shortly before completion of the present work is based on 
the observation of the lines at 870 and 2575 cm=l, which 
have been assigned to the S-H bonde Variations of the 
intensity of these lines should represent a highly specific 
measure of the ionization of this group as a function of 
pHo The value for R estimated by these workersj however, 
was not considered by them. to be quantitatively accurate 
because of difficulties in obtaining quantitative abs orp= 
tion measurements from Raman spectra o .A more quantitative 
experiment has been promised, which would utilize a newly 
developed photometric instrument of greater sensitivity 
and accuracyo 
Since each approach unavoidably involves certain 
assumptions and experimental drawbacks 1 it is felt that the 
method to be described below would yet be of value in the 
final solution of this problemo 
Theoretical Foundation of Present Work 
Reference has been made previously (12) to the ultra-
violet absorption which develops during titration of the 
second proton of cysteine hydrochlorideo It has been 
suggested that this absorption is due, all or in part, to 
the mercaptide-conta ining species (I)~ since a similar 
absorption has been noted with simple mercaptideso (14) o 
However, it is not possible to determine the concentration 
of this species~ because the molar extinction of this ion 
10 
and of its tautomer (II) are not knowno No one has, up to 
this time, attempted to determine these absorptions un-
equivocallyo If the extinction coefficients could be deter= 
mined for each of these tautomers, the proportion of each 
could be computed from the absorbancy of the mixture at 
some point during the titrationo 
Since one of the forms (I) contains 3 centers of elec-
tric charge, it is of a more polar nature than its tautomer 
(II), and should be favored in solutions of high ionic 
strengthj but suppressed in solutions of low dielectric 
constanto In other wordsj the ultraviolet absorption of 
a solution containing ions (I) and (II) in tautomeric 
equilibrium should increase with increasing ionic strength, 
and it may indeed be possible to shift the equilibrium 
II~ I to virtual completion in favor of (I)o Converselyj 
the absorbancy should decrease with decreasing dielectric 
constant of the solution~ and all of the cysteinate ion 
might be converted to (II)o 
.As a preliminary test of this approach to the proble.m 
(15) 9 aliquots from a sample of partially neutralized cys-
teine were diluted 9 on the one hand with progressivley more 
concentrated potassium chloride solutions 9 and on the other 
with alcohol-water mixtures of progressivley greater alcohol 
content, and the optical densities were measured at 230 m;.t 
(absorption maximum of the oysteinate ion)o Figure 2 shows 
the spectra in the two types of solutionso The results are 
















20 40 60 Bo 
% alcohol 
Figure 2o Spectra of Cysteine in Different Mediao 
Absorption of half-neutralized cysteine relative 
to waterg upper frame, KCl solutions; lower frame, 
alcohol-water mixtures. 
12 
in water (this quantity is given the value of unity)o The 
abscissa in one frame is percent alcohol" and that in the 
other frame is the square root of the potassium chloride 
molarity and of the ionic strengtho The latter scale is 
used bebause it allows a more even spacing of the experi-
mental points. 
In another set of measurements, the absorption in 
water was compared to that tn saturated potassium chloride 
and in 92 percent alc:oholo The results of six independent 
determinations ere reported in Table II~ 
TABLE II 
OPTICAL DENSITY OF CYSTEINE IN Vfl.RIOUS 



























To ascertain the extent of conversion of cysteinate 
ion to form (II), the.absorption ofasolution in 92 percent 
alcohol was compared to one of equal concentration in a 
13 
ternary mixture of 68% alcohol, 30% isootane and 2% water; 
addition of isooctane affords a yet lower dielectric con= 
stanto No difference in the absorbancy outside of experi= 
mental error was foundo 
Discussion 
These results suggest that virtually complete con= 
version to form (I) takes place in the saturated KCl solu= 
tibn and that conversion to form (II) likewise occurs in 
92 percent alcoholo On the basis of these assumptions" 
and on.the further assumption that the different media 
would not affect the extinction coefficients, we can writei 
--
where [I~ is the fraction of cysteinate ion in form IIo 
The data of Table II, when subjected to this treatment 9 
·give an average value for R of 804 ± 0060 
In order to check the assumption that the various media 
did not influence the individual spectra, the absorption of 
a close analog, cystinej in both acidic and basic solutions 
was examined for changes as th~ sample was placed in water~ 
in potassium chloride 9 and in ethanolo No significant 
differences were foundo 
The value of R is not much affected by.the exact value 
of OoDGEtOH' as long as this is small compared to O.DoKCl' 
I 
Thereforej any possible error in the value of· the former 
would not affect the final result greatly, this is fortunate~ 
14 
since the average deviation is larger than one might wish. 
The variation may be attributed to the presence. of.varying. 
quantities of natural impurities in the ethanol (eogo, 
aldehyde from oxidation)o The abs9rbancy ratio O.D.H 0 ; 
2 
O.DoKCl 9 which is more important in determining the value 
of!!, is fortunately quite consistent: Oo903 ± Oo7%o 
This reiiro)iucibility could be realized despite the fact 
that the optical density in potassium chloride solutions 
falls rapidly with time; this is ascribed to oxidation, 
which probably proceeds by way of form (I)o For this 
reason, the spectra of all samples, and particularly the 
ones in which form (I) predominated, were measured as 
quickly and consistently .as possibleo In some measure-
ments, the rate of decrease in absorption was determined 
as a function of time and the value of the absorption 
extrapolated to zero time; this procedure did not yield 
significant differences in the ratio of absorbancies and 
hence in the final value of ~o 
CHAPTER IV 
ELECTROLYTIC REDUCTION OF CYSTINE 
Introduction 
The possibility of a quantitative electrolytic reduc-
tion of cystine was investigated with the aim of obtaining 
cysteine samples of high purityo The attractiveness of 
this type of reduction is due to three considerations: 
a) cystine may be obtained commercially in a higher degree 
of purity than cysteinej and is more stable; b) a singular 
specificity of reaction may be realized in reductions at 
a constant cathode potential, and c) quantities of electric 
current may be measured conveniently and accurately by 
means of a suitable coulometero Thus, a reliable starting 
material might be converted. into standard solutions of 
cysteine, the titer of which might be found by a simple 
coulometric determination" 
The early experiments, unfortunately, were not success-
ful and the intended plan of utilizing the method to pre-
pare samples for the ionization experiments was abandonedo 
Afterwards, the possibility of applying electrolytic re-
duction became clearer, as a result of technological ad-
vances and the appearance of a recent publication on organic 
electrode processeso (16)o . This provided a more precise 
15' 
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approach to the design of both experiment and apparatus, 
and better success was achievedo 
Early Experiments 
In briefj the apparatus consisted of the cell and 
circuit diagrammed in Figure 3o 
Ea;: rectified AC 
variable source 
M .. A :: milliammeter 
Cell = 250-ml •. · Erlen- • 
meyer cc1 chode 
cell, connected 
by agar bridge 
to 100 ml.anode 
cell 
Figure 3o Early Design of . Apparatuso 
The cathode compartment of the cell contained at the 
start a 0.01 M solution of cystine in loO N sulfuric acidt 
over 30 ml. of mercuryo This compartment was connected 
through an agar bridge to the anode compartment, which 
contained loO N sulfuric acido 
*Cystine is quite insoluble in neutral solutionso 
loO N sulfuric acid will allow cystine concentrations up 
to approximately Ool Mo 
17 
The total potential across the cell was increased in 
the direction of reduction at the mercury cathode until a 
suitable current was measured on the milliammetero .Approxi~ 
mately 45 milliamperes were passed, which allowed the re-
duction to proceed at a reasonable ratee It was assumed 
that the applied voltage of the ce+l would approximate 
sufficiently the cathode voltage. .As the reduction pro= 
ceeded, the applied voltage was maintained constant; the 
current fell slowly with the passage of time, but no at= 
tempt was made at current regulationo 
The aim at this time was to achieve total reduction, 
with or without good electrode efficiency, and it was in= 
tended to let the current flow until determination of the 
thiol content indicated a completed reduction. The method 
of determination used~ amperometric titration with ferri~ 
cyanide, is described in the experimental chapter. None 
of s~veral significant attempts resulted in completed re= 
ductiono Plots of thiol content in the catholyte versus 
time showed a rapid increase at first, a tendency to level 
off at anywhere from 40 to 90 percent of complete reaction) 
and then usually a slow declineo A strong odor would ensue 
.toward the end of the reactiono The significance of this 
was not at first appreciatedo It now appears likely that 9 
as the process neared completion and the amount of unreact= 
ed cystine became small, the cathode voltage increased above 
a critical value (negatively) and that cystine was reduced 
beyond. the cystein.e stage to some volatile compoundo The 
18 
design of the apparatus was not consistent with the neces= 
sity for a highly constant and precise cathode voltageo 
Principles of Proper Experimental Design 
The most important point brought out by the early 
experiments is that the cathode voltage is of determining 
importanceo It must be maintained, precisely, at a value 
more negative than the reduction potential of cystine to 
cysteine but less negative than the potential at which any 
further reaction takes placeo Maintaining the potential 
below a certain value may make the allowable current small 
and the reduction lengthy so it may become desirable to 
interrupt the reduction at some point short of completiono 
This, in turn, makes it desirable to realize perfectj or 
nearly perfect, electrode efficiencyo In order to realize 
such efficiency, the cathode potential must be controlled· 
in such a way that hydrogen evolution or other reaction of 
the solvent would not occuro If this were realized, stand-
ard solutions of cysteine (containing varing amounts of 
cystine) might be prepared, the thiol titer of which co1uld 
be determined from the amount of current passed through 
the circuito 
Reduction at·Constant Cathode Potential 
Figure 4 shows 0& schematic diagram·· of the circuit and 
;cell used for reduction at constant cathode potentialo 
·Additional particulars are given in the following chaptero 
E = 2, .6-volt storage batteries 
M = pH melter for S·.C.E. and glass electrodes in 
C = titration coulometer (silver spiral and platinum 
cathode in beaker) 
MA: milliammeter 
.A = microammeter 
S = double pole-double throw switch 
· R = decade box 
P = potentiometer ~ ,. . 
19 
c ~ cell con1prisfag p.atinum gauze anode, removable agar 
'bridge, and cathode compartment with S.C.E. ref-
erence electrode for determining potential of 
mercury cathode · 








Reduction at Constant Cathode Potential. 
20 
The tangent potential for the reduction of cystine is 
known from stanqard tables to be =0o4 volts versus the satu-
ra~ed calomel electrodeo (2l)o In order to ascertain the 
most negative voltage allowable for the reduction of cystine 
to cysteine, a voltammetric curve employing the same cir-
cuit andcell was madeo It is shown.in Figure 5o The con= 
centration .of cystine was approximately Ool M, and the · 
solvent Oo5 N sulfuric acido The data for the curve were 
collected by applying increasing cathode voltages to the 
system and reading_ the resulting currento The tangent 
potential associated with this reaction indicates an upper 
limit of =Oo64 volts to the voltage which might be applied 
without causing other reactionso This value is determined 
by extrapolating the steeply sloping line to its inter-
section with the abscissae The value -Oo50 volts was 
chosen as the voitag!:) at which ·the reduction would be 
carried out e 
If a· potential of this magnitude is applied to the 
solvent containing no cystirie, .a substantial current flows 
at first~ which is.due to dissolved oxygen and impurities .. 
In a-typicai experiment at a potential of -006 volts with 
respect to the·saturated calomel electrode (slightly higher 
than the potential t·o be used in the reduction of cystine) 
the initiai current.was &botit 8 milliamperes 9 but this fell 
to less than 100 microamperes in about 30 minuteso . Thus 
the residual current could be reduced to an acceptably 




















Volts versus· So Co E. 
Figure 5o Voltammetric Reduction Curve of Cystine. 
Ool M solution in Oo5 N sulfuric acid 
(very slow stirring) 
21 
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.. nitrogen degassing o Arrangements. then had to be made· for 
iritroducing the cystine sample without opening the cell., 
Other factors requiring attention included the :rate of 
stirring and the volume change consequent upon addition 
of a fixed amount of cystineo The necessary precautions 
are detailed in the following chapter .. 
' . . . 
The results are expressed in terms of electrode ef= 
. . 
ficiencyo This is calculated by comparing the coulometric 
titer.with the thiol group titer, this being determined, 
as before, by titration with ferricyanideo Data for two 
concentrations of cysteine are found in Table III 9 and show 
an electrode efficiency of .9609 percent for solutions 
TABLE III 
ELECTRODE EFFICIENCIES IN CYSTINE REDUCTION 
.Cone., Noo of runs 
Oo005 M 4 







about 0.,005 Mand 99.,3 pe:rcent for solutions about OoOl Mo 
Inhomogeneous potentials at the mercury surface., i 1hot spots 11 , 
could be responsible for the slightly low valueso Results 
indicate an electrode efficiency approaching 100 percent 
as one increases the percentage of conversion., 
CHAPTER V 
EXPERIMENTAL 
.Analysis of Cysteine 
Cysteine hydrochloride hydrate (California Corporation 
for Biochemical Research:; [aaD : 4 o 5' 11\ c ~ 12 in l N HCl) 
was used in all experimentso The sample was not dried 9 to 
avoid possible decompositiono 
The Kje_ldahl determination of nitrogen was performed 
according to standard procedureo (22)o The :results are 
reported in Table I, page 4o 
The determination of chloride presents a somewhat more 
difficult problemo Cysteine complexes with silver ion and 
the Volhard determination of chloride cannot be applied 
without first decomposing the compound o This Was done by 
the Part' bomb methodo The sample was mixed thoroughly with 
sodium peroxide, sodium nitratej and a small amount of 
benzoic acid, and.fired.electricallyo {17)o The ash was 
carefully dissolved in-water, and the strongly alkaline 
solution made strongly acid with concentrated nitric acido 
.A measured excess of standard silver nitrate was added 
along with ferric alum indicator and ni trobenzene, and back 
titrated with standard thiocyanateo The result of Table I 
is the average of three determinationso 
23 
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The determination of cysteine content by amperometric 
titration with ferricyanide (4) is particularly important 
and will be described in detailo Twenty five milliliters 
of lo5 M air=free phosphate buffer (pH 7) containing a 
trace of cupric ion was placed in a 100=mlo Berzelius 
beaker and to it was added the cysteine sample, containing 
about Oo25 millimoles (25 mlo X OoOl M)o A microburette 
with capillary tip was used to dispense standard potassium 
ferricyanide (Oo05 M is convenient) o .A constant=speed 
electric moter operated the stirrero Two platinum elec= 
trodes dipped into the solution, and were connected in 
series to a galvanometero These electrodes were polarized 
by a 50-millivolt source of direct currento When a slight 
excess of titrant was addedj a current began abruptly to 
flow, owing to the establishment of the ferri=ferrocyanide 
coupleo Galvanometer readings were plotted versus mllli-
liters of excess titrant and an extrapolation to zero cur= 
rent indicated the endpointo The result in Table I is 
the average of five determinationso 
The procedure for the acidimetric titration of cysteine 
is described in connection with the experiments measuring 
the pK valueso The result of Table I is the average of four 
titrationso 
Ionization Constant Measurements 
A Beckman Model G pH meter, calibrated before each use 
with two standard buffers (pH~ 4 and pH~ 8,± Oo02) was used 
for the potentiometric titrationso A Beckman Type 11 E11 
(high pH) glass electrode was used because of its greater 
sensitivity for strongly alkaline solutionso 
In all the experiments with cysteine, the greatest 
precautions were exercised in order to minimize oxidationo 
The water used was distilled, passed through .Amberlite MB-1 
mixed ion-exchange resinj boiled, cooled under a stream of 
nitrogen and stored out of contact with atmospheric oxygeno 
Nitrogen was of commercial grade and bubbled through a 
vanadous ion solution to remove oxygeno (18)p Purified 
nitrogen was also passed through or over all easily oxidiz-
able materials~ such as the cysteine solutions 9 whenever 
their containers were open to the airo Standard sodium 
hydroxide (Ool N) was prepared from a 5oOO M concentrated 
reagentj and its titer checked against potassium acid 
phthalateo Potassium chloride solutions, Ool M9 were pre= 
pared from Ao Co So reagent grade salto Stirring for the 
titrations was provided by bubbling nitrogen through the 
solutiono 
Figure 1, page 79 represents a plot of potentiometric 
titration datao The first inflection corresponds to the 
titration of hydrochloride 7 and the second to the titration 
of amino acido The second end point cannot be located with 
great accuracy; an attempt was made to locate it statisti= 
cally with the aid of the IBM 650 computer and the average 
deviation of single determinations was found to be 5 percento 
The point at which pH would equal pK was taken as that after 
26 
addition of le5 times the amount of base required to reach 
the first endpointo 
The values of pK2 found with OoOl M cysteine solutions 
in water and in Col M potassium chloride are given below: 






Spectrophotometric Determination of R 
All spectral measurements were made at 230 m.f{ (absorp= 
tion maximum) with the Beckman model DU spectrophometerj 
using loOO=Cmo silica cellso 
Ethanol of reagent grade was usedo Different samples 
of this substance showed appreciable and variable absorp= 
tion at 230 ~ when measured against a distilled water 
blanko Freshly distilled ethanol gave a lower absorption 
reading, but this would increase on standing a few dayso 
Bubbling nitrogen through the ethanol had an effect similar 
to distilling ito Cysteine solutions prepared with ethanol 
that had. a low absorption had the highest absorptionso It 
is considered. likely that acetaldehyde, formed by autooxi= 
dation~ is responsible for these effects; this impurity 
would give a higher blank absorption, and react with the 
cysteine, lowering the absorption due to ito The follow-
ing data show that no irreversible reaction with the cys= 
.teine occUlJ!ed in 92 percent alcohol when the latter had. 
been purged with nitrogen immediately before~ 
Stock solution~ 0.2~i9 2. of cystine 
hydrochloride hydrate in 100 ml. H 0~ 
qpntaining 5 m],o of 0.1 N NaOH/eacfi 30 ml. 
Stock solution~ 5' ml. diluted with 5'0 
ml. H20 and 55 ml. EtOH1 fin£:Jlcysteine 
concentration 5.00x 10-~ M, percentage 
of alcohol 4, O.D. 0.276 
Stock solution, 5 ml., diluted with 50 
ml. EtOH final cysteine concentratioh 
10,0:x 10-4 M, percentage of alcohol 91 O.D. 0.183 
Solution in 91% alcohol, diluted with 
H2o to 110 ml. O.D. 0.273 
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The experiment that involved dilution with i.sooctane 
was performed by making an approximately 0.01 M solution 
of cysteine, adding one and one-half equivalents of base 9 
a, usual, and diluting an aliquot portion, on the one hand 
with alcohol to a final. proportion of 95.25% and on the 
other with the same volume of ternary mixture consisting 
of 30% isooctane 9 68% ethanol, and 2% water (percentages 
by volume, neglecting volume changes due to mixing). The 
optical densities obtained were as follows: 
Stock solution, 002346 g. of cysteine 
hydrochloride hydrate' in. 100 ml. of 
water, containing 5 ml~ 1 N NaOH for 
e,ach 30 ml .. 
Stock solution 9 5' mlo, diluted with 
100 ml .. of ethanol; ~inal concentra~ 
tion of cysteine 5. 30 x 10-4 M, pro-
portion of ethanol 92 .. 3% 
Stock solution, 5 mlo, diluted with 
100 ml .. of ternary mixture 
The experiment done to ascertain the effect of the 
medium on the spectrum of cystine was performed as follows: 
Stock solution, 001403 g. of cysteine 
in Oo5 N hydrochloric acid 
28 
2o00 mlo diluted to 50 mlo with water OoD. 0.067 
with KCl O.D. 00066 
with EtOH O.D. 0.068 
Stock solutionj 002782 go of cysteine 
in o .. 5 N sodium hydroxide 
2o00 ml. dilutedto 50 ml. with water 
with KCl 
with EtOH 
0 o Do O" 213 
O.D. 0.222 
O.D. 0.230 
The data given in Table II were obtained in the fol= 
lowing way .. Immediately before use~ nitrogen was bubbled 
through the three media to be employed, i. e., ethanol, 
water, and saturated potassium chloride solution. A 0.01 
M solution of cysteine was prepared fresh for each experi= 
ment by dissolving a weighed sample of cysteine hydro 6 
chloride in 100 ml. of watero One and one=half equivalents 
of sodium hydroxide was added with a S=ml. pipette. A 2=ml., 
aliquot was diluted with 50 ml. of water, and a 4=ml. ali= 
quot was diluted with 50 ml. of ethanol. The optical den= 
sity was determined exactly two minutes from the time of 
mixing. Distilled water was used as a blanko The absorp= 
tions displayed by the media alone against distilled water 
were subtracted from the measured valuesa The data are 
reported in Table IVo The data of Table II were calcu-
lated from these by adjusting the concentrations to the 
same basis, a cysteine concentration of 4.26 x 10-4 M. 
TABLE IV 
OPTICAL DENSITIES OF CYSTEINE IN THREE 
DIFFERENT MEDIA 
Wt of Cysteine Oo D .. KCl Oo DoH20 HCl. H20, go 
002339 0739 0661 
002339 o?31 .. 655 
002339 .,722 0652 
0.2339 0767 0692 
0.2339 .764 .. 693 









The data represented in Figure 2 were obtained in the 
following wayo .An approximately 0.01: M solution of cysteine 
was prepared in watero Aliquot portions were withdrawns, 
and diluted with potassium chloride solution or alcohol to 
give several desired concentrations of either componento 
The Reduction of Cystine 
The cystine used was optically standardized L-cystine, 
obtained from the Schwarz Laborat.o .. ries~ Mount Vernon, New 
Yorl<:.," Mercury was of technical grade, and was reused af"ter 
cleaning it each time it was used., The cleaning was effect-
ed by passing the mercury in minute droplets through a 4-ft 
column of nitric acidj and rinsing it with watero 
30 
The apparatus used is sufficiently described by Figure 
4, page 190 A magnetic stirrer was used to stir the catho-
lyteo The cathode compartment was charged with 30 mlo of 
mercury and exactly 49ol mlo of Ool N sulfuric acid; it was 
determined that this. volume would expand to 50 o O ml o when 
the appropriate amount of cystine was addedo Approximately 
100 mlo of the same solution were placed in the anode com-
partmento The sulfuric acid was not degassed because pre= 
electrolysis of the solvent could be conveniently used to 
reduce impurities, including oxygeno 
A voltage of -Oo6 volts versus So Co Eo, slightly 
higher than the reduction voltage of the experiment proper 9 
was then applied" The microammeter was connected into the 
circuit from time to time to determine when the current had 
fallen to a suitably small valueo As long as this value 
was less than 100 microamperes, it was stable enough to be 
considered constanto The cystine sample was added without 
opening the vessel to the air with the aid of an injector made 
from the sleeve of a hypodermic syringeo The coulometer 
was connected into the circuit, and the starting time re-
cordedo The cathode potential was held constant at -Oo5 
! 005 voltso The highest rate of stirring physically com-
patible with cell design allowed a current of approximately 
15 milliamperes to passo A total reduction time of about 
lo5 hours was therefore required to generate a OoOl M cys-
teine solution, or 45 minutes for Oo005 Mo .At the end of 
this time, the current had fallen to around 10 milliamperes .. 
31 
The circuit was then opened, the time recorded, and a 2 ml. 
a llquot of the catholyte withdrawn for analysiso The 
hydroxyl ion generated in the coulometer ( .02 M KBr +2 M 
K2so4 ) solution was titrated with standard Ool M sulfuric 
acid, (19) and the total quantity of electricity establishedo 
The number of coulombs due to the residual current was then 
subtractedo The resulting value was divided into the number 
of milliequivalents of thiol (ml. ferricyanide X Normality 
X 25*) to determine the electrode efficiencyo The results 
are enumerated in Table III9 page 220 
* The 2 mlo a:liquot withdrawn is 1/25 of the total 
volume reducedo 
CHAPTER VI 
SUMM,ARY .AND CONCLUSIONS 
.A sample of cysteine hydrochloride hydrate used in 
this work was analyzed by several techniqueso The sample 
was found to be sufficiently pure for the purpose, although 
it contained small amounts of-cystine and other impuritieso 
The pK2 of cysteine .hydrochloride was determined both 
in water and 0.1 M potassium chlorideo The value in Oo.l M 
potassium chloride was 8032, and this, when corrected for 
activity (20), results in a thermodynamic value of 8037. 
The value found in dilute aqueous solution was 8.300 The 
agreement is within experimental erroro 
The concentration of the two tautomeric ions formed 
concomitantly during the second ionization of cysteine 
hydrochloride (see page 7 for structures) in dilute aqueous 
solution has been estimated from a comparison of the ultra= 
violet absorption in water to that exhibited in saturated 
potassium chloride and 92% ethanolo These media are 
designed to favor the formation of the tautomers I and II, 
respectively •. The ratio of the concentrations is 804 in 
favor of i.onization from the sulfhydryl groupo This value 
is higher than previous estimates; the assumptions upon 
which the calculations are based may be somewhat in error~ 
32 
33 
but it is surely indicated that the acid strength of the 
mercapto group is significantly greater than that of the 
ammonium group. 
An electrolytic method for reducing cystine has been 
studied. Solutions of cysteine of varying known concen-
tration have been prepared by quantitatively reducing 
cystine in 0.1 N sulfuric acid at a large-area mercury 
cathode. The resulting solutions contained varying amounts 
of unreduced cystinej but this would not interfere in many 
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